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first n type and p type clad layers 5 and 7. This active layer 
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procedures, the crystallizability of the active layer 6 can be 
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enabling a high brightness green colored LED although 
conventionally hard to make to be realized. 
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[Claim(s)] 

[Claim 1] The nitride semiconductor light emitting device characterized by 
having 1st n type clad layer which consists of a nitride semiconductor 
containing an indium and a gallium, and consists of an n type nitride 
semiconductor with which it has the barrier layer which has the 1st field and 
2nd field, and a band gap is large and contains an indium and a gallium 
rather than a barrier layer in contact with the 1st field of this barrier layer. 
[Claim 2] The nitride semiconductor light emitting device according to claim 
1 characterized by having n type contact layer which consists of n type GaN 
in contact with 1st n type clad layer. 

[Claim 3] The nitride semiconductor light emitting device according to claim 
1 characterized by having 2nd n type clad layer which consists of the 1st n 
type clad layer from n type nitride semiconductor which a band gap is large 
and contains aluminum and a gallium in contact with 1st n type clad layer. 
[Claim 4] The nitride semiconductor light emitting device according to claim 
3 characterized by having n type contact layer which consists of n type GaN 
on 2nd n type clad layer. 

[Claim 5] The nitride semiconductor light emitting device characterized by 
having 1st p type clad layer which consists of a nitride semiconductor 
containing an indium and a gallium, and consists of a p type nitride 
semiconductor with which it has the barrier layer which has the 1st field and 
2nd field, and a band gap is large and contains an indium and a gallium 
rather than a barrier layer in contact with the 2nd field of this barrier layer. 
[Claim 6] The nitride semiconductor light emitting device according to claim 
5 characterized by having p type contact layer which consists of p type GaN 
in contact with 1st p type clad layer. 

[Claim 7] The nitride semiconductor fight emitting device according to claim 
5 characterized by having 2nd p type clad layer which consists of the 1st p 
type clad layer from p type nitride semiconductor which a band gap is large 
and contains aluminum and a gallium in contact with 1st p type clad layer. 
[Claim 8] The nitride semiconductor fight emitting device according to claim 
7 characterized by having p type contact layer which consists of p type GaN 
on 2nd p type clad layer. 

[Claim 9] Consist of a nitride semiconductor containing an indium and a 
gallium, and it has the barrier layer which has the 1st field and 2nd field. In 
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contact with the 1st field of this barrier layer, a band gap is larger than a 
barrier layer. And it has 1st n type clad layer which consists of an n type 
nitride semiconductor containing an indium and a gallium. The nitride 
semiconductor light emitting device characterized by having 1st p type clad 
layer which consists of a p type nitride semiconductor with which a band gap 
is large and contains an indium and a gallium rather than a barrier layer in 
contact with the 2nd field of this barrier layer. 

[Claim 10] The nitride semiconductor light emitting device according to 
claim 9 characterized by having n type contact layer which consists of n type 
GaN in contact with 1st n type clad layer. 

[Claim 11] The nitride semiconductor light emitting device according to 
claim 9 or 10 characterized by having p type contact layer which consists of p 
type GaN in contact with 1st p type clad layer. 

[Claim 12] The nitride semiconductor light emitting device according to 
claim 9 characterized by having 2nd n type clad layer which consists of the 
1st n type clad layer from n type nitride semiconductor which a band gap is 
large and contains aluminum and a gallium in contact with 1st n type clad 
layer. 

[Claim 13] The nitride semiconductor light emitting device according to 
claim 12 characterized by having n type contact layer which consists of n 
type GaN in contact with 2nd n type clad layer. 

[Claim 14] The nitride semiconductor light emitting device according to 
claim 9 characterized by having 2nd p type clad layer which consists of the 
1st p type clad layer from p type nitride semiconductor which a band gap is 
large and contains aluminum and a gallium in contact with 1st p type clad 
layer. 

[Claim 15] The nitride semiconductor light emitting device according to 
claim 14 characterized by having p type contact layer which consists of p 
type GaN on 2nd p type clad layer. 

[Claim 16] The claim 1 characterized by a barrier layer having quantum well 
structure, or the nitride semiconductor light emitting device of 15 given in 
any 1 term. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the light emitting device 
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which consists of a nitride semiconductor (Ina'Alb'Gal-a'-b -- 'N, 0<=a\ 0<=b*, 
and a' -- +b' <=1) used for light emitting diode (light Emitting Diode), a laser 
diode (LD), etc. 
[0002] 

[Description of the Prior Art] promising ** of the nitride semiconductor 
(InaAlb'Gal-a'-b - 'N, 0<=a', 0<=b\ and a' - +b* <=1) is carried out as a 
material of light emitting devices, such as light Emitting Diode, LD, etc. 
which emit light to the wavelength field from an ultraviolet region to a red 
field In fact, using this semiconductor material, these people announced blue 
Light Emitting Diode with a luminous intensity of 1 cd in November, 1993, 
announced the bluish green color Light Emitting Diode with a luminous 
intensity of 2 cds in April, 1994, and announced blue light Emitting Diode 
with a luminous intensity of 2 cds in October, 1994. All of these light 
Emitting Diodes are produced commercially, and practical use of the present 
display, a signal, etc. is presented with them. 

[0003] The luminescence chip of blue and the bluish- green color light 
Emitting Diode put in practical use now has the structure where of the 
laminating of n type contact layer which consists of n type GaN on silicon on 
sapphire, n type clad layer which consists of n type AlGaN, the barrier layer 
which consists of n type InGaN, p type clad layer which consists of p type 
AlGaN, and the p type contact layer which consists of p type GaN was 
fundamentally carried out to order. Between silicon on sapphire and n type 
contact layer, the buffer layer which consists of GaN, AlGaN, or A1N is 
formed, p type dopants, such as n type dopants, such as Si and germanium, 
and/or Zn, Mg, are doped, and, as for n type InGaN of a barrier layer, as for 
the luminescence wavelength of a Light Emitting Diode element, it is 
possible to make it change to an ultraviolet shell red field by changing the 
kind of impurity which changes In composition ratio of InGaN of the barrier 
layer, or is doped to a barrier layer. 
[0004] 

[Problem(s) to be Solved by the Invention] although it has the output of 200 
times or more as compared with light Emitting Diode which the 
conventional light Emitting Diode has about 3mW of radiant power outputs 
in 20mA, and consists of SiC — realization of short wavelength LD -- further 
- high -- in order to realize brightness Light Emitting Diode, improvement in 
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the further radiant power output is desired Therefore, this invention offers 
the structure of a nitride semiconductor light emitting device new for the 
purpose achievement for the purpose of the improvement in an output of the 
light emitting device which consists of a nitride semiconductor. 
[0005] 

[Means for Solving the Problem] As a result of mquiring wholeheartedly 
about the clad layer which sandwiches the barrier layer which consists of a 
nitride semiconductor which contains In and Ga in terrorism structure to the 
double formed with a nitride semiconductor, this invention persons newly 
find out preferably that the output of a light emitting device improves In and 
Ga by leaps and bounds by forming with one [ at least ] nitride 
semiconductor containing both clad layers, and came to make this invention. 
[0006] That is, it consists of a nitride semiconductor which contains an 
indium and a gallium according to this invention, and has the barrier layer 
which has the 1st field and 2nd field, and in contact with the 1st field of this 
barrier layer, rather than a barrier layer, a band gap is large and the nitride 
semiconductor light emitting device characterized by having 1st n type clad 
layer which becomes from n type nitride semiconductor containing an 
indium and a gallium is offered. 

[0007] Moreover, it consists of a nitride semiconductor which contains an 
indium and a gallium according to this invention, and has the barrier layer 
which has the 1st field and 2nd field, and in contact with the 2nd field of this 
barrier layer, rather than a barrier layer, a band gap is large and the nitride 
semiconductor light emitting device characterized by having 1st p type clad 
layer which becomes from p type nitride semiconductor containing an indium 
and a gallium is offered. 

[0008] Furthermore, according to this invention, it consists of a nitride 
semiconductor containing an indium and a gallium. Have the barrier layer 
which has the 1st field and 2nd field, and a band gap is larger than a barrier 
layer in contact with the 1st field of this barrier layer. And it has 1st n type 
clad layer which consists of an n type nitride semiconductor containing an 
indium and a gallium. In contact with the 2nd field of this barrier layer, 
rather than a barrier layer, a band gap is large and the nitride 
semiconductor light emitting device characterized by having 1st p type clad 
layer which becomes from p type nitride semiconductor containing an indium 
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and a gallium is offered. 

[0009] In each above-mentioned invention, n type contact layer which 
consists of n type GaN can be formed on 1st n type clad layer, and/or p type 
contact layer which consists of p type GaN can be formed on 1st p type clad 
layer. 

[0010] Moreover, in each above-mentioned invention, a band gap is larger 
than 1st n type clad layer in contact with 1st n type clad layer. And 2nd n 
type clad layer which consists of an n type nitride semiconductor containing 
aluminum and a gallium is formed. And/or, in contact with 1st p type clad 
layer, rather than 1st p type clad layer, a band gap is large and 2nd p type 
clad layer which becomes from p type nitride semiconductor containing 
aluminum and a gallium can be formed. In this case, n type contact layer 
which consists of n type GaN can be formed on 2ndn type clad layer, and/or p 
type contact layer can be formed on 2nd p type clad layer. In one more 
desirable mode of this invention, a barrier layer is formed as quantum well 
structure. 
[0011] 

[Function] The conventional nitride semiconductor light emitting device had 
the structure which sandwiched the barrier layer which consists of InGaN in 
the clad layer which consists of AlGaN. On the other hand, in this invention, 
it found out that a radiant power output improved by leaps and bounds by 
inserting the barrier layer which newly consists of this InGaN by InGaN 
with a larger band gap than the barrier layer. This is because the new InGaN 
clad layer is working as a buffer layer between an InGaN barrier layer and 
an AlGaN clad layer, the property in which InGaN is soft as a property of a 
crystal - having -- **** -- the lattice constant of an AlGaN clad layer and 
InGaN — it is thought that there is work which absorbs the crystal defect 
produced according to a coefnaent-of- thermal-expansion difference as it is 
irregular For this reason, since the newly formed InGaN clad layer absorbs 
these crystal defects, the crystal defect of an InGaN barrier layer decreases 
sharply and the crystallinity of an InGaN barrier layer becomes good by 
leaps and bounds, a radiant power output increases. 

[0012] On the other hand, with the structure whose AlGaN clad layer was 
pinched for the conventional InGaN barrier layer, if thickness of an InGaN 
barrier layer is made into less than 2 00 A, for example, many cracks will 
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arise in an AlGaN clad layer and an InGaN barrier layer. It is shown that 
distortion which this produces from the grid mismatching which has the stiff 
property very much on the property of a crystal of an AlGaN clad layer, and 
is produced from an interface with an AlGaN clad layer only in the InGaN 
barrier layer of thin thickness, and a coefflcient-of- thermal-expansion 
difference cannot be elastically eased by the InGaN barrier layer. For this 
reason, since a crack arises in an InGaN barrier layer and an AlGaN clad 
layer, large improvement in a radiant power output cannot be desired. 
Therefore, in the former, when thickness of an InGaN barrier layer was not 
carried out for example, more than the 200 ONGU storm, the crack arose 
and element production was difficult. 
[0013] 

[Embodiments of the Invention] Drawing 1 is the outline cross section 
showing the structure of the nitride semiconductor light emitting device 
concerning an example of this invention. This light emitting device has a 
substrate 1, and the buffer layer 2 which eases the grid mismatching of a 
substrate 1 and the nitride semiconductor layer formed on it is formed on the 
substrate 1. On a buffer layer 2, n type contact layer 3 for forming a negative 
electrode is formed, 2nd n type clad layer 4 is formed on this contact layer 3, 
and 1st n type clad layer 5 is formed on 2nd n type clad layer 4. A barrier 
layer 6 is formed on 1st n type clad layer 5, and 1st p type clad layer 7 is 
formed on the barrier layer 6, respectively. On 1st p type clad layer 7, p type 
contact layer 9 for 2nd p type clad layer 8 forming a positive electrode on it is 
formed. 

[0014] the nitride semiconductor with which a barrier layer 6 contains In 
and Ga in this invention — it forms by Inx Gal-x N (0< x<l) preferably — 
having — n type and p type ~ although any are sufficient, it is desirable, 
especially when strong luminescence between bands is obtained, the half- 
value width of luminescence wavelength becomes narrow and a laser 
element is realized by considering as a non dope (impurity additive-free) You 
may dope n type dopant and/or p type dopant to a barrier layer 6. If n type 
dopant is doped to a barrier layer 6, compared with the thing of a non dope, 
band luminescence intensity can be strengthened further. Although peak 
wavelength can be shifted to about 0.5eV low energy side rather than the 
peak wavelength of luminescence between bands if p type dopant is doped to 
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a barrier layer 6, half-value width becomes large. If the both sides of p type 
dopant and n type dopant are doped to a barrier layer 6, luminescence 
intensity of the barrier layer which doped only p type dopant mentioned 
above can be enlarged further. When forming the barrier layer which doped 
especially p type dopant, as for the conductivity type of a barrier layer, it is 
desirable to also dope n type dopants, such as Si, and to use the whole as n 
type. A non dope is the most desirable, in order to grow up a crystalline good 
barrier layer and to consider as a laser element. 

[0015] The thickness of a barrier layer 6 can be most preferably adjusted to 
the thickness below 0.05 micrometers (500A) 0.1 micrometers or less still 
more preferably 0.5 micrometers or less, when it constitutes the whole from a 
nitride semiconductor of single composition. The nitride semiconductor 
containing an indium is because it is easy to produce a crystal defect, so that 
thickness increases, and it is in the inclination for crystallinity to become 
good so that the thickness is thin when it is single composition. 
[0016] By the way, by making a barrier layer 6 into quantum well structure 
(single quantum well structure or multiplex quantum well structure) showed 
that the half- value width of luminescence wavelength became narrower, and 
a radiant power output also improved. 

[0017] Here, quantum well structure means the structure of a barrier layer 
where luminescence between quantum level with the barrier-layer 
composition nitride semiconductor (preferably Inx Gal- x N (0< x<l)) of a 
non dope is obtained, and single quantum well structure points out the 
structure where a well layer consists of one layer of single composition. That 
is, the barrier layer of single quantum well structure is constituted by only 
the single well layer. Moreover, multiplex quantum well structure points out 
the multilayer structure which carried out the laminating of a well layer and 
the barrier layer by turns. In this multilayer structure, 2 outermost layers of 
drum of both sides are constituted by the well layer, respectively. That is, the 
barrier layer of multiplex quantum well structure is the thin film laminated 
structure which consisted of combination of a well layer / barrier layers, such 
as InGaN/GaN and InGaN/LaGaN (composition differs), and carried out the 
la m i n ating of these well layer and the barrier layer by turns. Thus, when 
making a barrier layer 6 into multiplex quantum well structure, a barrier 
layer can also be formed not only by InGaN but by GaN. If a barrier layer 6 is 
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made into multiplex quantum well structure, a radiant power output will 
improve rather than the barrier layer of single quantum well structure. In 
this case, a well layer has still more preferably desirable thickness 70A or 
less 100A or less. The range of the thickness of this well layer is the same 
also about the barrier layer (constituted by the single well layer) of single 
quantum well structure. A barrier layer [ in / multiplex quantum well 
structure / on the other hand ] has the still more preferably desirable 
thickness of 100A or less 150A or less. Namely, in the barrier layer of 
multiplex quantum well structure, well layer thickness is made into several 
angstroms - dozens of A, and a barrier layer can be similarly made into the 
thickness of several angstroms - dozens of A, can carry out the laminating of 
these well layer and the barrier layer, and can make them multiplex 
quantum well structure. 

[0018] n type nitride semiconductor with which 1st n type clad layer 5 
contains In and Ga in this invention - desirable -- n type -- it is formed by 
Iny Gal-y N (0< y<l) moreover, p type nitride semiconductor with which 1st 
p type clad layer 7 contains In and Ga - desirable -- p type -- it is formed by 
Inz Gal-z N (0< z<l) Although these clad layers 5 and 7 may form only either, 
as shown in drawing 1 , they form both preferably especially. Since 1st n type 
clad layer 5 and 2nd p type clad layer 7 containing an indium are soft, a 
crystal These clad layers 5 and 7 carry out an operation of a buffer layer like 
a cushion. When 2nd n type clad layer 4 mentioned later, 2nd p type clad 
layer 8, n type contact layer 3, and p type contact layer 9 are formed in the 
outside of these clad layers 5 and 7, it can prevent that a crack enters into 
these layers (3, 4, 8, 9). As for the desirable range of the thickness on which 
InGaN acts as a buffer layer, in the combination of a barrier layer 6, 1st n 
type clad layer 5 and a barrier layer 6, 1st p type clad layer 7 and a barrier 
layer 6, 1st n type clad layer 5, and 1st p type clad layer 7, it is desirable to 
make the total thickness of the combined InGaN layer into 300A or more. 
Moreover, 2nd n type clad layer 4 which will be later described if 1st n type 
clad layer 5 is omitted in the case of a light emitting device acts as 1st n type 
clad layer 5, and if 1st p type clad layer 7 is omitted, 2nd p type clad layer 8 
similarly described later will act as 1st p type clad layer 7. 
[0019] As mentioned above, although 1st n type clad layer 5 which consists of 
InGaN, a barrier layer 6, and 1st p type clad layer 7 were explained, it is 
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desirable respectively to adjust most preferably In composition ratio of these 
InGaN(s), i.e., x values in each above-mentioned empirical formula, y value, 
and z value to 0.2 or less 0.3 or less 0.5 or less. It is because it is in the 
inclination for the crystallinity of InGaN to become bad and for a radiant 
power output to decline as the mole ratio of an indium becomes large. 
Furthermore, InAlGaN which replaced a part of Ga with aluminum of a 
minute amount in the range which does not change the effect of InGaN into 
the formula shall also be contained in the aforementioned formula in the 
aforementioned Inx Gal-x N, Iny Gal-y N, and Inz Gal-z N. for example, the 
inside of an Ina'Alb'Gal-a'-b' N formula - b* With [ a value ] 0. 1 [ or less ], the 
effect of 1st n type clad layer, a barrier layer, and 2nd p type clad layer does 
not change. However, since it is in the inclination for a crystal to become 
hard when aluminum is made to contain, it becomes large to constitute a 
barrier layer 6, 1st n type clad layer 5, and 1st p type clad layer 7 only from 
InGaN of 3 yuan mixed crystal which does not contain aluminum, and a 
radiant power output's is the best than the nitride semiconductor of 4 yuan 
mixed crystal. 

[0020] next, n type nitride semiconductor containing aluminum and a 
gallium — preferably n type - p type nitride semiconductor containing n type 
clad layer 4, and the 2nd aluminum and gallium which consists of Ala Gal -a 
N (0< a<l) — preferably Although 2nd p type clad layer 8 which consists of p 
mold Alb Gal-b N (0< b<l) can form only either As shown in drawing 1 , 
while forming 2nd n type clad layer 4 in contact with 1st n type clad layer 3 
desirably, in contact with 1st p type clad layer 7, 2nd p type clad layer 8 is 
formed. As for 2nd n type clad layer 4 and 2nd p type clad layer 8, it is 
desirable to form by 50 A - 0.5 micrometers thickness. Moreover, as for 
aluminum mixed-crystal ratio of AlGaN, i.e., a value in each above- 
mentioned empirical formula, and b value, carrying out to 0.4 or less is [ 0.6 
or less ] still more preferably desirable respectively. When the crystal of 
AlGaN is hard and a value and its b value are larger than 0.6, it is a shell 
which a crack tends to generate in an AlGaN layer. If these values are larger 
than 0.6 respectively even if the semiconductor layer which consists of the 
above InGaN acts as a buffer layer, it will become easy to generate a crack. 
[0021] Moreover, InAlGaN which replaced a part of Ga by In of a minute 
amount in the range which does not change the effect of AlGaN into the 
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formula shall also be contained in the aforementioned formula in the 
aforementioned Ala Gal -a N and Alb Gal-b N. for example, the inside of an 
Ina'Alb'Gal-a'-b' N formula -- a f With [ a value ] 0.1 [ or less ], the effect of 
AlGaN hardly changes. However, since a band gap will become small if In of 
a minute amount is made to contain, you have to make a band gap larger 
than 1st n type clad layer 5, a barrier layer 6, and 2nd p type clad layer 7. 
Moreover, since it is in the inclination for crystallinity to become bad and for 
a radiant power output to decline when In is made to contain, a radiant 
power output becomes large and it is most desirable than the nitride 
semiconductor of 4 yuan mixed crystal to constitute 2nd n type clad layer 4 
and 2nd p type clad layer 8 only from AlGaN of 3 yuan mixed crystal which 
does not contain In. Thus, by using the layer containing aluminum as 2nd n 
type clad layer 4 and p type clad layer 8 of the above 2nd, since band offset 
with a barrier layer 6, 1st n type clad layer 5, and 1st p type clad layer 7 can 
be enlarged, luminous efficiency can be gathered. 

[0022] The combination with desirable barrier layer and 1st clad layer forms 
1st n type clad layer by Iny Gal-y N, and forms Inx Gal-x N and 1st p type 
clad layer for a barrier layer by InzGal-z N. However, in this combination, 
filling y<x and z<x from the relation of a band gap cannot be overemphasized. 
Since narrow luminescence of n type or the half- value width according [ the 
direction of a non dope ] to luminescence between bands is obtained, a 
barrier layer is desirable. 

[0023] Ala Gal-a N and 1st n type clad layer are formed by Iny Gal-y N, and 
the further most desirable combination forms [ 2nd n type clad layer / a 
barrier layer ] Inz Gal-z N and 2nd p type clad layer for Inx Gal-x N and 1st 
p type clad layer by Alb Gal-bN. According to this combination, it becomes 
terrorism structure to the double which carried out the laminating of the 
nitride semiconductor which was most excellent in crystallinity, and a 
radiant power output improves by leaps and bounds. 

[0024] Next, desirably, as shown in drawing 1 , as for n type contact layer 3, 
it is best to form n type contact layer 3 in contact with 2nd n type clad layer 4, 
arid to form p type contact layer 9 in contact with 2nd p type clad layer 8. 
Moreover, n type contact layer 3 can be formed in either 2nd n type clad layer 
4 or 1st n type clad layer 5, and can form p type contact layer 9 in either 2nd 
p type clad layer 8 or 1st p type clad layer 7. That is, if 2nd n type clad layer 
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4 is omitted, it can form in contact with 1st n type clad layer 5, and if p type 
contact layer 9 omits 2nd p type clad layer 8 similarly, it can form in contact 
with 1st p type clad layer 7. Although it is also possible to omit 1st n type 
clad layer 5 and 2nd n type clad layer 4, to use n type contact layer 9 as a 
clad layer, or to omit both 1st p type clad layer 7 and 2nd p type clad layer 8 
in both the cases of being extreme, and to use p type contact layer 9 as a clad 
layer Since a radiant power output is in the inclination to fall extremely as 
compared with an unabridged thing, it is not desirable. That is, in the light 
emitting device of this invention, high power is most obtained for the thing of 
the structure shown in drawing 1 . 

[0025] It is necessary to set the nitride semiconductor which constitutes n 
type contact layer 3 and p type contact layer 9 to GaN which does not contain 
aluminum and In further again. Since a contact layer is a layer which forms 
an electrode, if crystaUiriity is good and forms a layer with large carrier 
concentration, an electrode material and OMIKKU will become is easy to be 
obtained. For that purpose, GaN is the most desirable. Moreover, the 
metallic material which contains Ti and aluminum as an electrode . material 
from which n type contact layer 3 and OMIKKU are easy to be obtained is 
desirable, and the metallic material which contains nickel and Au in the 
electrode material from which p type contact layer 9 and OMIKKU are easy 
to be obtained is desirable. Thus, if the contact layer which considers as the 
layer which should form an electrode and consists of GaN is formed, Vf 
(forward voltage) of a light emitting device can be reduced, and luminous 
efficiency can be raised. 

[0026] Next, the outline cross section showing the structure of the light 
emitting device (laser diode) which starts one example of this invention at 
drawing 2 is shown, and the perspective diagram of the light emitting device 
of drawing 2 is shown in drawing 3 . In drawing 2 , the same sign is given to 
the same portion as drawing 1 . This light emitting device has p type 
multilayer 55 which has n type multilayer 44 formed between n type contact 
layer 3 and 2nd n type clad layer 5, and was formed between p type contact 
layer 9 and 2nd p type clad layer 8. In addition, n type multilayer 44 and p 
type multilayer 55 are designed so that the laminating of the nitride 
semiconductor with which composition differs mutually, i.e., two kinds of 
nitride semiconductors with which refractive indexes differ mutually, may be 
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carried out more than two-layer by turns by lambda/4n (lambda : wavelength, 
n: refractive index) and they can reflect the luminescence wavelength of a 
barrier layer 6 by multilayers 44 and 55. By forming n type multilayer 44 
between 2nd n type clad layer 4 and n type contact layer 3, and forming p 
type multilayer 55 further between 2ndp type clad layer 8 and p type contact 
layer 9 Since luminescence of a barrier layer 6 is closed to a barrier layer by 
the multilayer reflecting layer and it becomes possible in slight depth when 
laser oscillation is tried for a positive electrode as a stripe electrode 10 
micrometers or less as shown in drawing 2 and drawing 3 for example, laser 
oscillation can be carried out easily. In addition, n type dopant and p type 
dopant are doped by the aforementioned multilayers 44 and 55, respectively, 
and the conductivity type is determined. 

[0027] Moreover, as shown in drawing 2 , when producing a laser element by 
using sapphire as a substrate, the structure of a laser element serves as a 
flip chip method. That is, it becomes the structure which takes out a positive 
electrode and a negative electrode from the same side side. In this case, as 
for n type multilayer 44 formed in n type layer side as shown in drawing 2 , 
forming in a p layer side is more desirable than the level surface of the 
contact layer 3 which forms a negative electrode. It is because luminescence 
of a barrier layer 6 will spread in n type contact layer 3 below a barrier layer 
6 and slight optical closing depth will not be made, since the refractive-index 
difference of 2nd n type clad layer 4 and n type contact layer 3 is small, if n 
type multilayer 44 is formed in a substrate 1 side rather than the level 
surface of the contact layer 3. This is the effect peculiar to nitride 
semiconductor laser which used an insulating substrate like sapphire. 
[0028] Although drawing 2 and drawing 3 show a laser element, the 
aforementioned n type multilayer 44 and p type multilayer 55 can also be 
formed in n type layer or p type layer. Since the total reflection of the 
luminescence of a barrier layer can be carried out to a luminescence 
observation side side in a multilayer when a Light Emitting Diode element is 
produced, for example if it forms in either, the radiant power output of a light 
emitting device improves. Moreover, n type multilayer 44 can be formed also 
in the interior of n type contact layer 3. That is, an operation of a multilayer 
does not change as a laminated structure of n type GaN+n type multilayer 
44+n type GaN. However, as stated above, when realizing the laser element 



13 



JP 8-228025 



of the flip chip method which uses sapphire as a substrate, it cannot be 
overemphasized that it is desirable to carry out the position of n type 
multilayer 44 above the level surface of n type contact layer 3 which forms a 
negative electrode (i.e., p type layer side). Moreover, it is possible similarly p 
type multilayer 55 and to form in the interior of p type contact layer 9. 
[0029] As for two kinds of nitride semiconductors which constitute the 
aforementioned multilayer, it is desirable that they are the nitride 
semiconductor {Inc Gal-c N (0< c<l)} with which at least one side contains 
an indium and a gallium, or GaN. It is because it can prevent that GaN and 
an Inc Gal-c N layer carry out an operation like a buffer layer, and a crack 
goes into another monolayer by forming Inc Gal-c N and GaN in one side of 
the monolayer when carrying out the laminating of the monolayer and 
considering as a multilayer. The crystal of an Inc Gal-c N layer and a GaN 
layer depends this on a soft thing compared with ALGaN. On the other hand, 
if multilayer formation of the multilayer is carried out by the AlGaN layer 
from which aluminum composition differs mutually, for example so that it 
may become the 0.5 micrometers or more of the total thickness, a crack will 
enter into a multilayer and element production will become difficult. 
[0030] a multilayer - constituting - two - a kind - a nitride -- a 
semiconductor -- being desirable — combination — one side — above -- Inc Ga 

— one - c N - or GaN — becoming -- another side — aluminum -- a gallium - 

- containing a nitride - a semiconductor - {-- for example, Aid Ga - one - 
d N (0< d<l) --} constituting - things - best -- it is . Inc Gal-c N and Aid 
Gal-d N are because the design of a multilayer with a large reflection factor 
is possible by constituting a multilayer from such material according to 
luminescence wavelength since the difference of a refractive index is large. 
Moreover, since IncGal-c N is carrying out the operation of a buffer layer, a 
ten or more layer laminating becomes possible, without a crack going into an 
Aid Gal-d N layer. In addition, the refractive indexes of InN, GaN, and A1N 
are 2.9, 2.5, and 2.15, respectively. The refractive index of such mixed crystal 
assumes that a Vegard's Law is followed, and it can ask for it under the 
condition that it is proportional to composition. 

[0031] Here, as mentioned above, adjusting to 0.2 or less most preferably is 
[ 0.5 or less ] preferably desirable [ c value of Inc Gal-c N / 0.3 or less ]. It is 
because the crystallinity of InGaN becomes bad as the mole ratio of an 
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indium becomes large. Moreover, as for d value of Aid Gal-d N, carrying out 
to 0.4 or less is [ 0.6 or less ] still more preferably desirable. When larger 
than 0.6, it is the shell which a crack tends to generate in an AlGaN layer. 
[0032] In the above, although the structure of a light emitting device was 
explained, the manufacture method is explained briefly below. In order to 
manufacture the light emitting device which consists of a nitride 
semiconductor For example, MOVPE (organic-metal vapor growth), MBE 
(molecular-beam vapor growth), It is obtained by carrying out a laminating 
using vapor growths, such as HDVPE (hydride vapor growth), so that it may 
become terrorism structure to double by conductivity types, such as n type 
and p type, on a substrate about Ina'Alb'Gal-a'-b' N (0<=a\ 0<=b\ a'+b' <=1). 
Sapphire (the Cth page, the Ath page, and the Rth page are included), SiC (6 
H-SiC and 4 H-SiC are also included), a spinel (MgAl 204, especially the 
(111) field), ZnO and Si, GaAs, etc. can be used for a substrate 1, and drawing 
2 shows silicon on sapphire. Although an n type nitride semiconductor is 
obtained also in the state of a non dope, it is obtained by introducing n type 
dopants, such as Si, germanium, and S, into a semiconductor layer into a 
crystal growth. Moreover, a p type nitride semiconductor layer is obtained by 
introducing p type dopants, such as Mg, Zn, Cd, calcium, Be, and C, into a 
semiconductor layer into a crystal growth similarly, or performing annealing 
above 400 degrees C after introduction. A buffer layer 2 is formed in order to 
ease the grid mismatching of a substrate 1 and a nitride semiconductor, for 
example, in the MOVPE method, GaN, A1N, GaAIN, etc. are formed in many 
cases at the low temperature around 500 degrees C. Moreover, a buffer layer 
may not be formed in case a substrate with near nitride semiconductor like 
SiC and ZnO and lattice constant is used. 
[0033] 

[Example] this invention is explained based on a concrete example below. 
The following examples show the growth method by the MOVPE method, 
this example is explained with reference to example 1 drawing 1 . 
[0034] TMG (trimethylgallium) and NH3 It used and the buffer layer 2 
which becomes the Cth page of the silicon on sapphire 1 set to the reaction 
container from GaN at 500 degrees C was grown up by 500A thickness. 
[0035] Next, temperature is raised to 1050 degrees C and it is TMG and NH3. 
It is SiH4 moreover, n type contact layer 3 which consists of Si dope n type 
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GaN was grown up by 4-micrometer thickness using gas. 
[0036] Then, TMA (trimethylaluminum) was added to material gas and 2nd 
n type clad layer 4 which similarly consists of Si dope n mold aluminum0.3 
Ga0.7 N layer at 1050 degrees C was grown up by 0.1 -micrometer thickness. 
[0037] Next, temperature is lowered to 800 degrees C and they are TMG, 
TMI (tiimethylindium), NH3, and SiH4. It used and 1st n type clad layer 5 
which consists of Si dope n type In0.0lGa0.99N was grown up by 500A 
thickness. 

[0038] Then, TMG, TMI, and NH3 The barrier layer 6 which uses and 
consists of non dope InO.05GaO.95N at 800 degrees C was grown up by 400A 
thickness. Then, TMG, TMI, and NH3 1st p type clad layer 7 which newly 
consists of Mg dope p type In0.0lGa0.99N at 800 degrees C using Cp2 Mg 
(magnesium cyclop entadienyl) in addition was grown up by 500 A thickness. 
[0039] Next, temperature was raised to 1050 degrees C and 2nd p type clad 
layer 8 which consists of Mg dope p type aluminum0.3 Ga0.7 N was grown up 
by 0.1 -micrometer thickness using TMG, TMA, NH3, and Cp2 Mg. 
[0040] Then, p type contact layer 9 which consists of Mg dope p type GaN 
using TMG, NH3, and Cp2 Mg at 1050 degrees C was grown up by 0.5- 
micrometer thickness. After the reaction end, temperature was lowered to 
the room temperature, the wafer was picked out from the reaction container, 
annealing of a wafer was performed at 700 degrees C, and p type layer was 
further formed into low resistance. Next, the mask of a predetermined 
configuration was formed in the front face of p type contact layer 9 of the best 
layer, and it ********** e d until the front face of n type contact layer 3 was 
exposed. The negative electrode which becomes the front face of n type 
contact layer 3 from Ti and aluminum, and the positive electrode which 
becomes the front face of p type contact layer 9 from nickel and Au were 
formed after etching. After electrode formation, after dividing a wafer into 
the chip of 350-micrometer angle, it considered as the Light Emitting Diode 
element which has the directional characteristics of 15 half power angles 
according to a conventional method. This light Emitting Diode element 
showed purple luminescence of Vf3.1V and 390nm of emission peak 
wavelengths by If (forward current)20mA, there were 4 cds of luminous 
intensity, and the radiant power output was 6m W. Furthermore, the half- 
value width of an emission spectrum is 20nm, and showed luminescence 
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with very sufficient color purity. 

[0041] The Light Emitting Diode element was produced like the example 1 
except having formed example 2 barrier layer 6 by In0.2 Ga0.8 N. in I£20mA, 
this Light Emitting Diode shows with Vf3.1V, 510nm of emission peak 
wavelengths, and a half-value width [ of 20nm ] green luminescence, and 
depends it on the luminous intensity of 16 cds, 6mW of radiant power 
outputs, and luminescence between bands - high -- brightness green Light 
Emitting Diode was realizable 

[0042] It is SiH4 as DEZ (diethyl zinc) and an n type dopant as a source of an 
example 3p type dopant. It used and the Light Emitting Diode element was 
produced like the example 1 except having formed the n mold In0.05Ga0.95N 
layer which doped Si and Zn as a barrier layer 6 by 10 00 A thickness. In 
If20mA, this light Emitting Diode element showed with 450nm of emission 
peak wavelengths, and a half -value width [ of 70nm ] blue luminescence, and 
showed the luminous intensity of 10 cds, and 7mW of radiant power outputs 
and the outstanding property. 

[0043] an example 4 - the Light Emitting Diode element was produced like 
the example 1 except having not formed 1st p type clad layer 7 This Light 
Emitting Diode element had luminous intensity equivalent to the Light 
Emitting Diode element of an example 1, except that 3 cds and the radiant 
power output were 5mW. 

[0044] an example 5 — the Light Emitting Diode element was produced like 
the example 1 except having not formed 1st n type clad layer 5 This Light 
Emitting Diode element had luminous intensity equivalent to Light 
Emitting Diode of an example 1, except that 3 cds and the radiant power 
output were 5mW. 

[0045] The Light Emitting Diode element was produced like the example 1 
except having formed example 6 barrier layer in the thickness of 20Aby non 
dope In0.2 Ga0.8 N, and having considered as single quantum well structure. 
This Light Emitting Diode element showed blue luminescence with a Vf3.1V 
and a luminescence wavelength of 450nm in If20mA, luminous intensity was 
5 cds, the radiant power output was 6mW, and the half-value width of an 
emission spectrum was 20nm and sharp luminescence between bands. 
[0046] an example 7 — this example is explained with reference to drawing 2 
and drawing 3 After growing up even n type contact layer 3 according to the 
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technique of an example 1, temperature is lowered to 800 degrees C, and 
they are TMG, TMI, NH3, and SiH4. It used and the thin film which consists 
of Si dope n type In0.0lGa0.99N was grown up by 380A thickness. Next, 
temperature is raised to 1050 degrees C and they are TMG, TMA, NH3, and 
SiH4. It used and the thin film which consists of Si dope n type aluminum0.2 
Ga0.8 N was grown up by 3 90 A thickness. These operations were repeated 
20 times and 1st n type multilayer 44 which carried out ten layers at a time 
the laminating of Si dope n mold In0.OlGa0.99N layer and the Si dope 
aluminum0.2 Ga0.8 N layer by turns was formed. 

[0047] Next, 2nd n type clad layer 4, 1st n type clad layer 5, a barrier layer 6, 
1st p type clad layer 7, and 2nd p type clad layer 8 were grown up like the 
example 1. Next, make temperature into 800 degrees C, and using TMG, 
TMI, NH3, and Cp2 Mg, grow up 380AMg dope p mold In0.0lGa0.99N layer, 
and temperature is continuously made into 1050 degrees C. Using TMG, 
TMA, NH3, and Cp2 Mg gas, the Mg dope p mold aluminum0.2 Ga0.8 N 
layer was grown up by 390 A thickness, and 2nd p type multilayer 55 which 
carried out the laminating ten layers at a time by turns, respectively was 
formed. 

[0048] The wafer which grew up p type contact layer 9 into the front face of 
the p type multilayer 55 like the example 1 was produced after p type 
multilayer 55 formation. Next, after **********ing a nitride semiconductor 
layer like an example 1, the mask of a predetermined configuration was 
formed in the front face of p type contact layer 9 which is the best layer, and 
the positive electrode was formed in n type contact layer 3 by width of face of 
10 micrometers with width of face of 50 micrometers at the negative 
electrode and p type contact layer 9, respectively. Thus, if n type multilayer 
44 is formed in the front face of n type contact layer, the level surface which 
forms a negative electrode automatically will become a substrate side so that 
it may be shown in under from n type multilayer 44, i.e., drawing 2 . 
[0049] Next, the silicon-on-sapphire side of the direction which does not form 
the nitride semiconductor layer was ground, thickness of a substrate was set 
to 90 micrometers, and the scribe of the Mth page on the front face of silicon 
on sapphire (field which is equivalent to the side of a hexagonal prism in 
hexagonal system) was carried out. The wafer was divided into the chip of 
700 -micrometer angle after the scribe, and stripe type laser as shown in 
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drawing 3 was produced. In addition, drawing 3 shows the perspective 
diagram of the laser element by this example, and makes the nitride 
semiconductor stratification plane which intersected perpendicularly with 
the stripe-like positive electrode the optical resonance side. Moreover, it is a 
front face except the electrode of this laser element Si02 Although covered 
with the becoming insulator layer, especially the insulator layer is not 
illustrating. Next, after installing this chip in the heat sink and carrying out 
wire bond of each electrode, when laser oscillation was tried in ordinary 
temperature, it is threshold current density 1.5 kA/cm2. Laser oscillation 
with an oscillation wavelength of 390nm was checked. 
[0050] 

[Effect of the Invention] as explained above, by forming an InGaN clad layer 
in contact with the both sides of an InGaN barrier layer, or one side of those, 
the crystallinity of a barrier layer improves, and a radiant power output boils 
the light emitting device of this invention markedly, and improves For 
example, at the conventional blue Light Emitting Diode, in 450nm, although 
the luminous intensity of 2 cds and the radiant power output were about 
3m W, this invention can attain the radiant power output of the double not 
less by blue Light Emitting Diode, moreover, difficult in the former, since the 
crystallinity of a barrier layer became good according to this invention, 
although it was difficult in the former for crystalhnity to become bad and to 
obtain green luminescence near 520nm by luminescence between bands 
when the indium composition ratio of a barrier layer was enlarged — high — 
brightness green Light Emitting Diode was also realizable thus, the light 
emitting device of this invention was unrealizable in the former — high — 
brightness green Light Emitting Diode was made by making it realize for the 
first time — the full color Light Emitting Diode display of high brightness 
with this very large effect can be manufactured for the first time becoming 
— moreover, the utility value on the industries, such as the light source for 
lighting, and the light source for reading, - being great -- it is 
[Brief Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the light emitting 
device concerning one example of this invention: 

[Drawing 2] The type section view showing the structure of the light emitting 
device concerning other examples of this invention. 



19 



JP 8-228025 



[Drawing 3] The perspective diagram showing the structure of the light 
emitting device of drawing 2 . 
[Description of Notations] 

1 — Silicon on sapphire 

2 — Buffer layer 

3 - n type contact layer 

4 -- 2nd n type clad layer 

5 — 1st n type clad layer 

6 -- Barrier layer 

7 - 1st p type clad layer 

8 - 2nd p type clad layer 

9 -- p type contact layer 
44 — n type multilayer 
55 - p type multilayer 
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Fig 1 Fig. 2 I 
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[0019] ^Jb, InGaNiDft5il»nS^7 
yKS5, fSI4^6, ^10p^7yKi7lcov\-C 
^P^Ufc2&5 x l^b^I nGaNWI nMlt, 0*<5 

-hia^-*a^[c*5(taxfii[, yis, zffira, -tnen, 

0. 5£tT\ Sf^L<H0. ^t>$f^t<ti 
0. 2WTI-P3it5It^LV\ >f^i?!>A©^ 
50 yVit^7^^< ftSI-fEoT, I n G a N(D^ B B a ^S< 
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^ OTfB I n « G a i-» N y In y G a i- y N, In, 
G ai _« Nttt, fO^[^ TInGah f^^ 
Sfc-ffc^fc^teH^G a ©-SS^fWA 1 "Cg^Lfc 

I nA 1 GaNfcffifE^*fc£li^5fc(0£i-3o #Jx, 
12 I n.. A 1 b -Ga i_.._ b . N5£*-Cb' 0 . 1^ 

m*l|ilSlCn^7yKS, ^ttJi, !2(Op§! 
^7^KI«(»5^i:^V\ 7t*:\ Al^ 

flStt^Wfcj; Al Sr^**V^H5njiSftO I n G a 10 
$l©nI^5yK§5, ^ 1 CO p 

[0 0 2 0] 7Vl^-l7A£:#y r7Ai ^jfrn 

SS^kW^W, ff4L<|±, niAl.Ga^N 
(0<a<l) J:0ft5Sf2©nI^7yKl4t % T 

<tt, pSAl b Gax- b N (0<b<l) iDfefigE 
2 cop ^ Ka 8 t±, ^-f;Jxa»— Jj<D&&Ml£-tZ> 

^fifti-Si^Ci, mi<Dpm?7*y KS7H:»UXSB2 

4 , i20p§!^7S'KS8|15 0 ^jr* ^ P — A— 
0. 6/im©IBWT^jSiS;i-*'ri:asH*Ut\ A 
I G a NCOA 1 ^(fait, o£ 9 ±IE#j(fi^^^3»t5 a 
bffitt, -tft-WL, 0. 6J^T, U< (2 

0. 4«Ti-i-Swta5S*UV\ AlGaNfii^^ii 
fi?<* afilu bflS^SO. 6 i !97C^^^ A I G a N/llC 
^^3/^^3S^L-^i-V^fcT&5„ StFfHInGaNd* 30 

<oMa5-tn-e^o. 6 it) *>?C#V^ ^ 7 y ^ S5S$S£ 

[0 0 2 1] #J|BA l.Ga... N, AKGa 

i-b-Nttt. fO^I-i3V^A 1 G a NWM^t: 
£*fcV^ffl-CGa<0— SB&lfcfi© I nTfSBlLfcl n 
A 1 GaNt,tWIB*^^*n5t©i:f5. Witfl 
n »• A U'Ga _ b * N^ta' M 2 5 0 . 1 £AT"C 
fetttfA 1 Ga NcD^tl»5^Ay^i?5r^^^ 0 
<&U ^ftco I n S:^tcft5 ir^V K^r-V y*7ifi'Y*i$ 40 

cOp^^jy Kf 7J:H^K^tJ'7 , ^< UJfc 

»fctt¥«fcj; In Sr^*)fcV^ = 5ciBfi©A 1 G 

aNWi20ni^7S'Ki4 % &2<Dp£!*^y 

4 X *j±ti5fltriE»2(OpS!^7y KS8 ttartta 

0, 7£tta6 N gl«ni^7f KB 5, mi<Dpm? 50 
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[0 0 2 2] Steat^lcO^y KacO#£L^*&^ 
f^lCOni^^ KJBSr I n y Ga w 
S&^Srl n, G a N, |lOpS^7y KBSr I 
n«G ai _ NT?7gfife-*-5fc©-?;feJ5 0 <&U 

[0 0 2 3] *b»C*tjif*Ll^j|Sft^t>*(i, f&2© 
nl^7y Kl&Ala Gal-a N, MKDnM^^y 
KB Sri n v G ai - y N, gtea£ I n» G a x -« 
&l<DpM#9 y KSSr I n« G a N, ^2C9p?g 

[0 0 2 4] n^=z>-^^ h«3f±, S£ L < 

tt, ISill^-rj; pic, ^2COn^^y j/ KB4(C«L 
Tng^rx^ hJf3Sr?^j^L, l2©pl^7y KB 

^4 X ^L< ttgltDn^7S' K^5COV^n^(^ 
, p^n>-^^ ha 9ti^2 <Opg^^ 

rt^T^, p^^V^^ tlRl-mtC^2cOp^^ 

5 j/ Kg 8 Sr«(ft-fna:m iopi^?yKi7fcttL 

^7j/KS5^2©nI^7y Kl4i&*|^H&t 
X, nSa^^ M9^?j/ Kit LfcU, mi<D 
pS^7yKl7t»2©pl^9y KasfcS:*^ 
ttLT, pl3^^hg 9 ^9yh*gtt5ifct» 

[0 0 2 5] Sfetcifc, nin^n|3, pfn 
hi 9^t5^^fj;A 1 , In£^ 

»t LTUT i k A 1 Sr^tp^JR«"3l4aW*L<, p^ 

fiN i t Au£^£r&j^tW#£Li\, cco<t5[cm 
iS^t^tii: LTGa Ncf9^a=3^^^ ha& 
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[oo2 6] ^td, m2\z^m<D~ m&mfc&zmt 

( i* — If — & 4 ^ — K) <0»3£S:^-f«|l&WfB5HSr 

KS5fc©Wt!:^$nfcni!#SBS4 4Sr*rU 

M$^c P S^M5 5?rttS B <e*s, nS!MJBI io 
4 4*5Wpa#lJR5 5ttE*M;i*a#©#feS»Mft 

#]x.tiU/4n n : JBSfSO 

X(C2Sja±Syi3*vc, 31^6 0«3fcft«Sr#/Mt 

4 4, 5 5-?Stt-?£3<fc5t'^ff£^r^5o ^2(D 

Jg|R4 4S:^U *6»l-®2«)pa^7yKJ88tp 

td.fct), El 2, HSt^-TJi^^W^tfjEWffiSrlO 
w m^T^^ Y^^-^mmh LTU- lF3g$g$:f*^fc 20 

M4 4, 5 5t£tt«vejxnl!K-- plK- 
[0 0 2 7] H2^"i-J;5l^7T>fTS:aiR 

■TJ:5(!:nSUaffl!lt^fifti-5nS!^SK4 4tt, 
SrWt^^^^ h/!3c07K¥®<fct> ^pfiRIi^ 30 

h»3©7K^B5ioiafcKiffid»-»fiJci-at, »2 
^3^^^ 3 o-cl*v\ jtHcrft^ 

[0 0 2 8] [g)2*3 ( tO : ^l3H:l-'— tf^^^^'f^^'C 

5, p Slov W*-*^o^iSt a r i t-c^ 40 

fcnS#Jgffll4 4ttnS!=V^^ KSSOrtttl^fe^ 
t5rH s ^5 0 0^t)nlGaN+ni#fJil44 

mm t -r 5 7 v y ^ s/ ^7? if m**mm-% 
§j=r>-^^ hji3(07K¥®i*) t>.b, 0^13 pmm\M\^ 50 
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[0029] iffl&£/gfl!!frtt/£i-* 2tt8®&ffc&^3t 

»b4fe¥Wfc I n c G a 1— D N (0<c< 

1) } 4fcttGaNT*>arfcisffau\ 3fe-ff<ce>, 

I n e G a i-e N, G a ti&mfitf-Z w £ 0 , G 
aN, I n c G a 1— D Ngj&S^^jg© £ 5 fcffcRj^ 

rtiiT§5i)^-C&2> a rtltt I Gai_ Nj§, 
G a NJl0j&i!&£* A I G a NtClt^T^b^^ fc <fc 

ftj*©!443A l Ga NjgfclJ; lj , 0SJ^tf^J¥O. 5 

[0 0 3 0] #«JR£rttj£-*-£ 2agoSfl:«*»flco 

iff* UV«^t>*H[, -7J^fIfacOJ:5i-I n c Ga 

ai _ d N co<d<i) j -c#j«-rsrt^*AT?*> 

£ a fc-tffcfe. I n„ G a i— d NtAU G a N b 

I&<Dim2S^f&^fc3A»b^;k5, IncGal-c 
N^;x77SO^ffl&LTV^fci!), Al d Gax-a 

<C*5, UN, G a N, A 1 NOSJFf^tt^tL^ 
tl, 2. 9, 2. 5 N 2. 15Tfc5„ mb^j^^CO 

[0 0 3 1] In.Ga^, NOctlililL 

fc«t9(-0. 5^T. ^*U<tt0. 3WT, Mchfr* 

f?, -Y^v ; ^AO^VM:d57C^<^'5l-^or, InG 
a N<03eStt^5ffi<)feSd*e>Tfe5o */cAl d Ga 
!_ d N^dlHO. $f>l-^*L<fi0. 4^ 

Tfci-5rt*sa*uv\ 0. 6 < ^:t)7C#V^i:A 1 Ga 

[0 0 3 2] J^±, ^^©WJgJ-OV^TtKWbfc 

{mm&Rf&m&-mm , mbe (^q=-j»«a^g 

fe) , HDVPE W K9-f K«*Bfifeftft) 
j££8=$r^-C, »IUn..Al b .Gaw- b . N 
(O^a 1 , O^b' , a» +b» £1) £n§J, p 

tl^otf^^o £ffilKtt«x.tf-sr:7T-f T (C 
ffi, A®, R®$r^tf) , S i C (6H-S i C, 4H 
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-S i Cfc^fr) , *tf*yv (Mg A 1 2 O* , 4$|£*r 
<£> (111)®). Z n O, Si. G a A s *$ti*fem'V 

ft^Wtt^VK-^^IST^^bnSsJS, Si, G 
(WittMg, Zn N Cd, Ca, Be, C^^p^K— 

Tk±nmA'&4 o o TO±-cr y y 5 - 1 1- 

XVnbtlZo /<3/ 77i 2 Uifi 1 10 

PEteT?tt5 0 0lC^O{SiatfGaN, A 1 Ga 
AlN^«$il5wt^\ SfcSiC, ZnO 

[0 0 3 3] 

1 20 

El i tt^w^rat5o 

[0 0 3 4] TMG ( h IMfvI^tf P tNH 3 

|:5 0 0ttGaNj;^j:5^S'77i2§:5 0 0i-y. 

[0 0 3 5] #C»£j&S£f 1 0 5 O'C^-Ciff, TMG, 
NH 3 (CAP^S i H 4 S i K^niGa 

[0 0 3 6] j^TjgOfW^tClTMA 30 
5^!7-A) SriPx., PC< 105 Ot-CS i K-T'nl 
AI0.3 G a o. t N^.fc!3&5^2C9nSi^7S' KM 4 
£o. l * m£>I8J?-ej&g&iirfc 0 

[0 0 3 7] iB&£:8 0 OtClTtfx TMG, T 

MI (M)>f;Wyv?!>A) , NH 3 , SiH* 
V\ S i K— -7nMl no.oiGao. 9B Nj; 9&5fglCD 

[0 0 3 8] i^^TTMG, TM I , NH 3 Sr/8^8 0 
OtTy >-K— 7" I no.o 6 Gao. e6 Nj;t)^5Sfti6 40 

&4 o o^-v^^ hB-AofiW-e/ftftitfc, tt^r 

TMG, TMI, NH 3 Hl^t(CCp 2 Mg 
s> 7 £ 5 o 0 h p — J*<Dmm-V&M £i*r 

/Co 

[0 0 3 9 ] &Mi&$[£r 1 0 5 OtdJitf. TMG, T 
MA, NH 3 , Cp 2 Mg£fflV\ Mg K — 7* p MA 1 
0.3 G a o. 7 NJ: t3^^m2(Dp^!^7S/ K/g8&0. 
1 /i m<Z«J?T/&g £i*rfc Q 50 
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[0 0 4 0] m^Xl 0 5 OtfTMG, NH 3 , Cp 
2 Mg^V\ Mg K-^piGaN^U^SpIny 

fctJU 7 o o'C'Ci) — /MOT— — y $rfrv\ p^ 

nia^^ hg3<E>£ffit;iT i £ A 1 «fc \) tt 
pi^^^H90»Ni tAuit) 

I f (mJf&lWfc) 2 0mA~CVf 3. IV, 3B3fef— 

<9s BHi*tl6raW^ct S&lC, h 
/W©2|HiS«tt 2 0 n mTfc (? . ##CLfe*fi&G>fc^»3te 

[0 0 4 1] £ft0lj 2 

SfcW6£ln 0 . 3 Gao.a NT?&£ L&fiWWU H*£ 

tt, I f 2 0mA|l*J^T, Vf 3. 1 V, ^ 
2&^5 10nm, ^|j62 0nmWM3fe^U % 
gl6cd, KtUA 6 raWt Kfl^3tl-i5illi 
LED *S^^t?% 7t c 
[0 04 2] 0SJfe0tJ 3 

pS!K— ^VhiHEfcUTDEZ (^^/Vv?V^) , n 
mV—sO'hb UTS iH 4 ^ffiV^-C, fiH£Jg6fcLT 
S i tZnSr K^7*LfcnII n c . os G a G . e5 NJi£: 1 

0 o o^v^* ho-A©JBW-e^tfc^ttl5«iW 

ft, If20mAC^ ^^^4 5 0n 
m, 7 0 n mWf^^L, ^ 1 0 c d , 

[0 0 4 3] Hi£#j4 

1 tRIWi-UTLEDSR^Srf^aaufco rtOLED^ 
tt, }fc*6>3 c d, ^tti^J^ 5 mW-Cfcofc^ttH 
MM 1 <£> L E t ffl*$~?$> o fc. 

[0 0 4 4] Hifteaj 5 

1 fcl^«^L"CLED3S^-Srf^»Ufc. r^)LED^ 
iS0>J l^LEDt (Rj^-Cfcofco 

[0045] mmm e 

fg&ffi&S > K— -? I n 0 . 2 G a o. a £ U 2 0^->- 

CDLED^ffi, I f 2 OmAKiS^T, V f 3. 1 
V, %«S4 5 0 nm^tfe^^L, 5 c 
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[0046] mmm i 

2&S&8 0 Otl^Tffs TMG, TMI, NH 3 , 
S i H 4 §:fflV\ S i K-T'nilno.oiGao.BsNJ; 
•9fc-5^£3 8 03r^#* hp- A©J&J¥T?j££$1tr 
fc 0 #Ci-. 1 0 5 0t:^±(fTMG, TMA, N 

H 3 , S iH 4 £rm\ S i K-^niAl 0 . 2 Ga 
o.s Ni Qt£&Wm&3 9 0*>?X ho-AO^t? 

r*xe>Otftf^S:2 OEI«k5 5gU S i K— 
:7"nl/ I no.oiG a o.eaNitS i K— 1 o. => G a 
o. a N/1 1 0 m~3<oW* Lfe^l^n M&mm 

4 4«Uc 0 

[0 0 4 7] 2 tf> n 9 y KS 4 , ^l^ni 

J:l)«*20pI^7yKS8 £»£#J l i ft4Rlz:/£« $ 
itfco iME£8 0 OtiatTMG, TMI, 

NH 3 „ Cp 2 MgSrfflV\ Mg K-7*pI I n 0 .oiG 
a o. 8B NI 3 8 0 t> ^ b n-^^^t, fflt^X 
St$:1 0 5 0t;^LT, TMG, TMA, NH 3 , C 
p 2 Mg^^fflK Mg K-7*piA I0.2 Ga 0 . a 
NgSr3 9 0^-^^ ho— -^fr 
■WtSESli: 1 0 B<5oS(Ji Lfcfg 2 <D p £!#«J0t 5 5 £ 

[0 0 4 8] pf^iSl5 5M, -t©pS!#JBIIIi5 

\^xmikm*m&m*=^y e }'>y^'&, m±mx&> 

fi£U nin^^ bS3(^5 0 u m<0ffit^®ffi, p 
^=r>^^ hJ^9l-l 0 /i m<otB-CjEMiSr-tix^^^ 

J^4 4 fc. g^t'^m^&^-raTK 5 ?®^ 

[0 0 4 9] #:t-, »MfeW{frMSr»j£UTV^fcV^ 
<Z)f-77-f TS4EffiSrWSLXS««)j¥$S:9 0 ^ mid 

!>x-/n|:7 0 0 m^©f y^fflU m 3 (c 
j^tJ: 54^ ^lo^f ftffifitfe. 3&J3EI3 
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1 . 5 k A/ c m 2 X%&W$& 3 9 0 n m<D U— if^g 
[0 0 5 0] 

ft, I n G a Nfi&fMcOffi{ffl£fctt^<0— ^IC&LT I 
(^)fffeLED-Ctj;4 5 0 nml^^-C, 2 c d N 3& 

JMf*;iiafeLED<>i5^"C#fc D rco«t5t-^^^ 

Siii^) 7/^ 7 - L EDt >f ^7*1/-^ 

[bi 1 ] ^m<D~mmm\^^ytm^(Dmm^ 

30 [El 2] ^RMOteOlllfiOTJiiffiaig^lR^oWJfifir 
m 3 ] 0 2 ©«3te*-T-©»3t&-^-f 3»«H. 



1 ■■* 


t7 7^7lS 


2 ■■■ 




1 


3 ■■■ 




4 •■■ 




^7^K 


5 — 






6 ■■• 






7 — 


f&l©p! 




8 ... 


!|2tf>p§ 


7 y K 


9 •■■ 




4 4 




31R 


5 5 




M 



(9) 



&m*£S - 2 2 8 0 2 5 



[01] 



[1212 ] 



JEM- 



IE 8ft 



B - 
6~ 



ill 



—5 ^-ftM 

-3 

■*1 




[03] 




Page Blank (uspto) 



